500 participants from 53 countries attended the conference, which included 344 posters and 224 talks from 2 to 30 min long, including four keynote speakers, five plenary sessions, 12 concurrent sessions, and five workshops. It was a whirlwind of the best research and the latest trends in every discipline of mycorrhizal research, from molecular biology to ecology, both fundamental and applied, around the world. Indeed, we heard young and senior scientists say "This is the best meeting I've been to." Endo-and ectomycorrhizal scientific communities clearly have re-connected, with many presentations carrying out direct ecological and -omics comparisons among different symbioses. The sister international Molecular Mycorrhiza Meeting (iMMM) which preceded ICOM9 in Toulouse, France, from July 26 to 28, allowed molecular biologists to talk shop, whilst ICOM9 focussed on the broader comparative evolutionary and ecological aspects for a wider audience.
The Czech Academy of Sciences, the Faculty of Science of Charles University, and the International Mycorrhiza Society co-organized the Ninth International Conference on Mycorrhiza (ICOM9) in handsome, historic Prague in the Czech Republic from July 30 to August 4, 2017. More than 500 participants from 53 countries attended the conference, which included 344 posters and 224 talks from 2 to 30 min long, including four keynote speakers, five plenary sessions, 12 concurrent sessions, and five workshops. It was a whirlwind of the best research and the latest trends in every discipline of mycorrhizal research, from molecular biology to ecology, both fundamental and applied, around the world. Indeed, we heard young and senior scientists say "This is the best meeting I've been to." Endo-and ectomycorrhizal scientific communities clearly have re-connected, with many presentations carrying out direct ecological and -omics comparisons among different symbioses. The sister international Molecular Mycorrhiza Meeting (iMMM) which preceded ICOM9 in Toulouse, France, from July 26 to 28, allowed molecular biologists to talk shop, whilst ICOM9 focussed on the broader comparative evolutionary and ecological aspects for a wider audience.
At ICOM9, we saw many major steps towards linking symbiont and host genetics, functions, communities, ecosystem processes, and agents of global change. The different effects of intra-and inter-specific variation on mycorrhizas received considerable attention, particularly withinindividual genetic polymorphism (homo-, di-, and heterokaryon status) of arbuscular mycorrhizal fungi. On the other hand, mycorrhizal researchers have embraced large-scale meta-analysis and comparative synthesis, particularly through the use of well-developed databases, not just UNITE and JGI's 85 mycorrhizal fungal genomes but also MycoDB, FUNGuild, BioClim, ICP Forests, forest inventories, plant traits and distributions, and fungal fruitbody records. Challenges remain regarding gaps and biases in databases as well as in compiling data that are less convenient to obtain, notably soil characteristics and fungal diversity and traits.
In the plenary session on Monday entitled "Establishing and maintaining mycorrhizas: The molecular interplay" chaired by Paola Bonfante, presentations by Maria Harrison and Caroline Gutjahr summarized recent breakthroughs on nutrient exchange in the AM symbiosis using phylogenomics to identify two plant genes, fatm and ram2, that encode enzymes of lipid biosynthesis, while genomic analyses on sequenced AM fungal genomes revealed that AM fungi lack genes encoding subunits of cytosolic fatty acid synthase, suggesting that they depend on fatty acid supply from the host for growth and development. Pierre-Emmanuel Courty focussed on identifying key players involved in N and P use efficiency by AM fungi and carbon allocation, for developing future agroecosystems. Conversely, Jonathan Plett and Silvia Perotto presented recent advances in understanding the biological significance of effector-like proteins secreted by EM fungi, and of genes involved in nitrogen transfer by orchid mycorrhizas using genomics toolkits, respectively. Alga Zuccaro reported on advances in molecular signaling of mutualistic root-fungal endophyte interactions in the context of plant immune systems. This was followed by Uwe Nehls and Jean-Michel Ané presenting cutting-edge results on plant regulatory elements that induce expression of ectomycorrhizal SWEET genes coding potential sugar efflux carriers and on EM fungi producing lipo-chitooligosaccharides used by the common AM symbiosis pathway to establish EM, respectively. These invited talks on mycorrhizal formation and function were backed up by presentations in concurrent sessions on "Acquisition, assimilation and transport of nutrients and carbon in mycorrhizal symbioses" and "Molecular programming of mycorrhizal symbioses."
The plenary lectures in Tuesday's session chaired by Dirk Redecker covered "Diversity and biogeography of mycorrhizal symbioses." Leho Tedersoo and Marc Brundrett reminded us of the extraordinary diversity of mycorrhizal interactions in nature-where the need to correctly assign a mycorrhizal status remains one of our tasks. As Katie Field pointed out, diversity extends outside vascular plants, and nutrient-for-carbon exchange between Glomero-and Mucoromycotina symbioses varies among non-vascular plants. Mycorrhizal scientists are increasingly reaching out to larger spatial scales. Mari Moora discussed combining plant mycorrhizal traits and plant distributions to understand the biogeography of mycorrhizas across space and time, and Colin Averill presented evidence of long-term shifts in mycorrhizal type distribution across the USA driven by nitrogen pollution. Studies of current mycorrhizal fungal distribution based on the latest DNA sequencing technologies were common throughout the meeting, particularly in the concurrent sessions "Emerging technologies to make new discoveries in mycorrhizal physiology and ecology" and "Soil and climate feedbacks in mycorrhizal biogeography and ecology," where Bala Chaudhary gave a speed talk showing the potential for dispersal of AM fungi through the air. In Tuesday's plenary session, Ian Dickie also evoked the effect of globalization on exotic mycorrhizal plant and fungal invasion and showed that specialist ectomycorrhizal fungi dominate invasions ("fungi are good at plant phylogeny"). These topics were treated in depth in a concurrent session "Mycorrhizas in plant and fungal invasions" and in a workshop on "Specificity in mycorrhizal symbioses" which highlighted the pervasive, diverse, and still poorly understood nature of specificity phenomena in mycorrhizas.
A much-anticipated workshop, "Species concept of Glomeromycota," on the ever-controversial question of what is an arbuscular mycorrhizal species led to some very lively debate about genetics, genomics, sex, and evolution. Fundamentally, understanding how fungal genetic variation can explain huge variation in plant growth responses is key in this area. These questions also were raised in Friday's plenary session "Genomics for understanding mycorrhizal evolution and ecology" and a concurrent session "Population genetics/genomics/DNA polymorphism" organized by Ian Sanders, and Nicolas Corradi, and Martina Peter, respectively, where presentations by Ian Sanders, Marco Giovannetti, Nicolas Corradi Tania Wyss, and others focussed on Glomeromycota genomic diversity, raising the tantalizing possibility of linking plant and fungal genotypes to mycorrhizal phenotypes using resource-intensive genome-wide association studies.
The effects of intraspecific genetic variation on ecosystem functioning were discussed also for ectomycorrhizas by David Johnson in the plenary session "Belowground diversity and ecosystem functioning" organized by Nancy Johnson on Thursday. In addition, Jon Bennett showed how mycorrhizal type is the main determinant of variation in plant-soil feedbacks for North American temperate forests, and Carla CruzParedes demonstrated how biotic suppression of AM extraradical mycelium varies across soils. In the concurrent session chaired by Jeff Powell and Jim Bever, Joanna Weremijewicz presented how common mycorrhizal networks affect grass competition, and José Ignacio Querejeta identified worrying links among rainfall reduction and warming, plant productivity, and ectomycorrhizas in drylands.
The increasingly phylogenetically broad sampling of mycorrhizal genomes, e.g., now including ecologically dominant ectomycorrhizal Russulaceae, made possible the wide scope of Friday's plenary session pairing Francis Martin's comparative survey of carbohydrateactive and plant cell wall degrading enzyme genes across mycorrhizal types with László Nagy's analysis across wood-decay fungi. Ectomycorrhizal fungi and brown rot fungi share cellulose decay blueprints, but the enzymatic arsenal of early ectomycorrhizal lineages is very different from that of more recently evolved agarics and boletes. Remarkably, four convergent gene family expansions were identified, but their functions are unknown. The strong genomic and transcriptomic similarities of common and distinctive mycorrhizal ascomycetes-the ericoid mycorrhizal fungi and the ectomycorrhizal Cenococcum-with saprophytic and pathogenic fungi were revealed by Elena Martino and Martina Peter.
Mycorrhizal bioinoculant application in agrosystems is attracting significant attention. The potential of this biotechnology for different crops was explored in a concurrent session "Mycorrhizas in agro-and agroforestry ecosystems" organized by Amadou Ba and Erik Verbruggen. Many companies commercializing mycorrhiza-based inoculants attended, and several sponsored ICOM9, to become updated with scientific and technical advances that have been made in mycorrhizal research, to promote the mycorrhizal application business, and to share their experiences with scientists.
Another concurrent session which caught our attention was the "Mycorrhizal microbiome" organized by Christina Kaiser and Mika Tarkka which covered functional and spatial arrangements of extracellular and intracellular microbial interactions, stressing progress on the current knowledge of endobacteria in AM fungi as well as the response of plants and soil microbial communities to abiotic stresses. Different results have been reported on the effect of mycorrhizal inoculation on indigenous communities, demonstrating that many fundamental questions surrounding the structure and function of mycorrhizaassociated microbiota remain unanswered. A special issue grouping papers on this topic is proposed for publication in Mycorrhiza.
In the final plenary session organized Friday by Lynnette Abbott, invited speakers gave selected viewpoints on past, present, and future aspects of mycorrhizal research. Roger Koide underlined the insight of previous scientific peers, giving Jack Harley as an example, in predicting future lines of research and the importance of recalling their achievements to avoid pursuing paths that lead nowhere or waste valuable resources needlessly. Catherine Gehring presented a comprehensive literature review of mycorrhizal research since ICOM8 (1179 papers in 180 journals), highlighting some major advancements and emerging hot topics, largely covered at ICOM9. Ian Sanders had the last word, evoking a number of challenges to future research which include the role of mycorrhizas in ecosystem response to global change and in providing plant-derived food supply to a growing world population, the need for a "toolkit" to monitor plant response to mycorrhizas, and the need to be able to answer the question of why field inoculation does not always work.
Finally, many thanks go to the members of the local organizing committee of ICOM9 for their wonderful hospitality and fantastic social events and to the sponsors who supported the meeting. ICOM9 was such a success that we already are looking forward to the next ICOM which will be held in Mérida, Mexico, in 2019.
